: Kinetic parameters used for fitting the TRMC data in Figure 1 , listing the rate constants for trapping (k T ), second-order recombination (k 2 ), trap depopulation (k D ) and the trap density (N T ). We note that at and below 180 K, we could not obtain satisfactory fits for CsPbI 3 , which might be due to processes unaccounted for in our model, such as formation of excitons or third-order (Auger) recombination. and CsI powders were put into quartz crucibles and positioned in the vacuum chamber. After the pressure was reduced to 10 -5 -10 -6 mbar, the plasma-cleaned quartz substrates were introduced in the vacuum chamber. Then, the crucible containing the PbI 2 precursor was heated to 240 -260 °C until a deposition rate of ~ 0.8 Å/s was reached, as indicated by a quartz microbalance. The CsI was heated to 390 -400 °C to reach a rate of ~ 0.9 Å/s.
Experimental Methods

Film preparation
CsPbI 3 was then obtained by alternating deposition of 2.5 nm PbI 2 and 2 nm CsI (with 5 seconds in between), which was repeated until the desired total thickness was reached. Finally, the films were annealed at 300°C until these turned black. This was followed by rapid cooling on a cold metal surface.
Absorption measurements
Transmission spectra were recorded with a Perkin-Elmer Lambda 1050 spectrophotometer equipped with an integrated sphere. The thin films were placed in a nitrogen-filled cryostat in front of the sphere to measure the fraction of transmitted light (F T ) as function of temperature.
Photoluminescence measurements
For the temperature-dependent photoluminescence measurements the samples were placed in a nitrogen-filled cryostat and emission spectra were recorded using an Edinburgh LifeSpec spectrometer at an excitation wavelength of 405 nm.
Photoconductance measurements
The thin films on quartz substrates were placed in an airtight microwave cell inside an N 2 -filled glovebox. The
Time Resolved Microwave Conductivity (TRMC) technique was used to measure the change in microwave (8.5
GHz) power after pulsed excitation (repetition rate 10 Hz) of the samples at 600 nm. Neutral density filters were used to vary the intensity of the incident light. The illuminated sample area is ~2.5 cm 2 . The time-resolved change in conductance ΔG(t) was obtained from the photo-excitation-induced change in microwave power ΔP(t), which are related by a sensitivity factor K:
The rise of ΔG is limited by the width of the laser pulse (3.5 ns FWHM) and the response time of our microwave system (1 ns). The slow repetition rate of the laser of 10 Hz ensures full relaxation of all photoinduced charges to the ground state before the next laser pulse hits the sample. Before and during the photoconductance measurements, the samples were not exposed to moisture and air to prevent degradation.
